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Abstract

Background: There are various bones around the nasal cavity that pneumatize to form the paranasal sinuses; namely, maxilla, ethmoid bone,
frontal bone, and sphenoid bone. The CT scan of nose and paranasal sinus is the gold standard investigation for the patients of chronic rhino-
sinusitis (CRS).

Objective: This study was conducted with aim to determine the prevalence anatomical variation of Nose and Paranasal Sinuses on CT-scan and

their relation with symptoms.

Methods: A retrospective study was conducted among 200 patients over a period of one year (2022-2023). Patients with various symptoms of
chronic rhinosinusitis were subjected to non-contrast enhanced Computed Tomography of nose and paranasal sinuses.

Results: In our study 56% patients had septal deviation with most common C shaped deviation followed by S shaped deviation. 99.5% patients
have agger nasi cells. The attachment of uncinate process was to the lamina papyracea in 83.0%, followed by the base of skull in 13.0%. The
least common types were free uncinate process in 1.5%. The prevalence of concha bullosa was found 16.5%. However, paradoxical turbinate
was present in 2.0% subjects. The incidence of Haller cells was found to be 5.0% and Onodi cells were found in 4.5%. The type of frontal cell
was Agger Nasi followed by a Supra-bullar. In Sphenoid sinus, commonest type was pre-sellar type of pneumatization.

Conclusion: Our study concluded these various anatomical variations and its prevalence. The relation of variations with disease symptomatology
remains unclear.
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Graphical Abstract:
(Figure 1)

Introduction

inflammation of the sinus or nasal channels lasting longer than

There are various bones around the nasal cavity that 12 weeks at a time is known as chronic rhino-sinusitis (CRS).

pneumatize to form the paranasal sinuses; namely, maxilla,

] i ] More than one episode of sinusitis per year is considered as
ethmoid bone, frontal bone, and sphenoid bone. Persistent

recurrent sinusitis [1]. The CT scan of nose and paranasal sinus
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is the gold standard investigation for the patients of CRS. Various
anatomical variations can be detected with 3mm cut of the CT
scans. This occurs due to varying degree of pneumatization [2].
These anatomical variations may play an important role in disease
pathogenesis and failure of medical treatment. In pre-operative

planning it is crucial to understand and have knowledge of the
various anatomical variations. This will help to create a road map
for surgery to prevent injury to adjacent vital tissues like the
brain, orbit, optic nerve, carotid artery, etc.
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Figure 1: Graphical abstract
N J
This study was conducted with Aim: (88%), sneezing (85%), rhinorrhoea (85.5%), poor sleep (78%)
) . . . and headache (60%). On clinical examination, majority of the
i To determine the prevalence anatomical variation of ) ; ) . )
. patients showed bilateral hypertrophy of inferior turbinate, 86%.
Nose and Paranasal Sinuses on CT-scan ) ) ]
n anterior rhinoscopy, atients had nasal polyps .5%).
0 t h 65 patients had 1 pol 32.5%
ii. To determine relation of symptoms with anatomical Various anatomical variations on NCCT are shown in (Table 1).

variation in nose and paranasal sinuses.
Methodology

A retrospective study was conducted amongst 200 patients
over a period of one year (2022-2023) at Sharda hospital Greater
Noida . Patients with various symptoms of chronic rhinosinusitis
were subjected to non-contrast enhanced Computed Tomography
ofnose and paranasal sinuses. Anatomic variations of the sinonasal
cavities were assessed in the CT images, and prevalence of each
was noted. The study included patients with age = 18 having
chronic rhinosinusitis and patient having chronic rhinosinusitis
with or without polyposis who were advised NCCT nose and PNS
after thorough examination. Patients having any previous nasal
surgery or trauma, who did not consent for the study and patients
less than 18 years were excluded from the study (Figure 2-4).

Results

In our study population of 200 subjects, majority of patients
were in the age group of 26-35 years with mean age 34.15+12.67
years. There was male dominance, 58.5%. In our study, patients
showed varying symptoms, most common were nasal obstruction

The relation of variations with disease pathology remains unclear.

Discussion

In humans, there are four pairs of sinuses. These are named
after the bones which they pneumatize. They are: The maxillary
sinus, ethmoid sinus, frontal sinus and sphenoid sinuses. Sinusitis
is an inflammatory process involving the mucus membrane of the
paranasal sinuses and/or the bone. computed tomography plays
important role to know anatomical variations of nose and PNS and
the extent of disease [2]. The aetio-pathology of sinusitis can be
influenced by a multitude of clinically relevant alterations in the
nose and paranasal sinuses. Since they are found in many people,
sinonasal anatomic variants are more common than unusual
[1]. These variations require CT scans for diagnosis to avoid any
complication during endoscopic sinus surgery and various skull
base surgeries.

Nasal septum

Deviated septum is a prevalent physical abnormality. If
present, deviation may lead to lateralisation of middle turbinate
leading to narrowing of middle meatus and hypertrophy of
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contralateral turbinate. This leads to obstruction of normal
[3,4].
According to literature, prevalence of septal deviation is widely
varied. Due to different morphologies, it ranges from 26-97% [5].
In our study 56% patients had septal deviation with most common

mucous flow, resulting in subsequent inflammation

C shaped deviation followed by S shaped deviation However, not
all patients having a deviated septum had complaints of nasal
obstruction, headache, or poor sleep. 9% of our patients had
Anterior dislocation in which 8% patients had history of trauma
and only 3% complaint of cosmetics deformity.
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Figure 2: Paradoxical Middle Tubinate. )

Agger nasi cells

The anterior most group of ethmoid air cells are the agger
nasi. They can typically be bilateral. Usually, they pneumatise
toward the region of frontal recess making it narrow which may
lead to sinusitis [6]. For identification, coronal and sagittal views
of CT scans are considered ideal [3]. In 1967, Messerklinger et
al. reported 10-15% specimens having agger nasi cell during
dissection [7] whereas according to a study done in Malaysia, agger
nasi is highly prevalent (83.0%) [8]. Their reported prevalence
ranges from 10% to 98% [9]. In our study, 99.5% of patients have
agger nasi cells. 1 patient had hypoplastic agger nasi cell.

Uncinate process

The uncinate process is a key bony structure in the lateral
nasal wall. Attachment of uncinate process can be variable,
such as attached to lamina papyracea, middle turbinate, or base
of skull. Sometimes, the uncinate process maybe free-lying or
pneumatised as well. In a study conducted by Basak S., recorded
variations of the upper end of uncinate in 25% of the CT sections
[10]. Our study revealed the most common attachment to be
the lamina papyracea, in 83.0%, followed by the base of skull in

13.0%. The least common types were free uncinate process in
1.5% and hypoplastic uncinate process seen in 0.5% of subjects.

Aeration ofuncinate processis known as pneumatised uncinate
or an uncinate bulla. Kennedy et al. [11] 1998 study revealed the
incidence of this rare variant was 0.4% [11]. Depending on the
degree of pneumatisation, there can be significant blockage of the
osteo-meatal complex. Along with other variations in anatomy
it can intensify the pathogenic impact causing CRS. In our study
group, 4 patients (2.0%) showed this rare entity.

Middle turbinate

A concha bullosa is the pneumatisation of the middle concha.
Ethmoidal expansion results in pneumatisation of the osseous
plate. Its size is mostly variable and can be found on either side
or sometimes is bilateral [3]. Patients suffering from chronic
rhinosinusitis have the highest reported prevalence, 15- 80%
[5]. A large concha bullosa with considerable pneumatisation
can cause symptoms of headaches, and/or significant nasal
obstruction. In such cases, a surgical correction maybe required.
The middle concha’s convexity is normally oriented medially,
i.e, towards the septum. However, in a paradoxical turbinate,
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the convexity is laterally faced [12]. Owing to the deformity and for causing sinusitis [13].
obstruction of airflow, it can be presumed as an additional factor
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Figure 4: Haller Cell.
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Table 1: Anatomical variations in nose and paranasal sinus.

. . Number of Patients Percentage
Anatomical Variation N=200 N=200
Septal Deviation
. C-shaped 72 36
. S- shaped 40 20
° Anterior dislocation 18 9
. Nasal spur 38 19
. Central 32 16
Agger Nasi Cell
. 1 cell 136 68
. 2 cells 53 26.5
. 3 cells 9 4.5
. Hypoplastic 1 0.5
Uncinate Process
. Attached to base of skull 26 13
. Attached to lamina papyracea 166 83
. Free 3 1.5
. hypoplastic 1 0.5
. Pneumatised 4 2
Middle Turbinate
. Normal 158 79
. Concha bullosa 33 16.5
. paradoxical ‘ 4 2
. Turbinate sinus 3 1
. polypoidal 2 1.5
Ethmoidal Sinus
. Pneumatised 140 70
. Extensively pneumatised 23 11.5
. Hypoplastic 1 0.5
. Retrobulbar recess 9 4.5
. Suprabullar recess 11 5.5
. Sinus lateralis 16 8
Ethmoidal Air Cells
. Hallers cells 10 5
. Onodi cell 9 4.5
. pneumatized galli 8 4
Frontal Cell Type
. AGN 146 73
. FSC 3 15
. SAC 8 4
. SAFC 6 3
o SBC 24 1.2
. SBFC 7 3.5
. SEC 6 3
Frontal Sinus Type of Pneumatisation
. Type I 5 2.5
. Type Il 181 90.5
. Type III 14 7
. Type IV 0 0
Olfactory Fossa Type
. Typel 180 90
. Type 1l 16 8
. Type III 4 2
Sphenoid Sinus Type
. Conchal 1 0.5
. Preseller 186 93
. Sellar 13 6.5
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Maxillary Sinus

. Hypoplastic
. Accessory sinus ostia

1 0.5
41 20.5

According to Mokhasanavisu et al. [14] concha bullosa was
found in 64% and 52% of the populations of South and North
India, respectively [14]. Azila A, et al. [8] in their recorded concha
bullosa in 40.8% subjects having CRS and in 47.5% of control
cases [8]. Amongst the Caucasians concha bullosa and paradoxical
turbinate have been recorded as 12-31% and 10-22% respectively
[15]. In our study, prevalence of concha bullosa was found 16.5%.
However, paradoxical turbinate was present in 2.0% subjects.
90% of patients with concha bullosa had symptoms like headache,
nasal obstruction, facial pain, which were relieved after surgical
correction.

Ethmoid air cells

Albert von Haller first characterised Haller cells in 1765.
They are ethmoid cells above and beside the maxillary sinus
ostium growing into the floor of orbit [15]. Their frequency
varies astonishingly, from 8% to 57%. The detrimental effect on
maxillary sinus airflow is caused by limitation of infundibulum and
maxillary ostium. Thus, establishing a link to recurrent maxillary
sinusitis, making this variation clinically noteworthy [3].

Furthermore, orbital injuries after ethmoidectomy can be more
likely when Haller cells are present [16]. Badia et al. [15] reported
the presence of Haller cells in 10-15% Caucasian and 1-9%
Chinese group respectively [15]. The Onodi cell (sphenoethmoid
air cell), is a posterior ethmoid cell that is closely linked to the
optic nerve. It pneumatises far laterally and somewhat superiorly
to the sphenoid sinus.

The internal carotid artery and optic nerve are more
vulnerable to injury when Onodi cells are present. Thus,
identification before surgery is of utmost importance [3,13]. Its
frequency is reported to fluctuate widely, from 2% to 50%. [16].
In Chinese population, presence of Onodi cells has been reported
as 20-30 [15]. In the adult group, 48% of Onodi cells were found,
according to Bansberg et al. [17]. In the current study, incidence of
Haller cells was found in 5.0% and Onodi cells were found in 4.5%
of subjects which comparable to previous studies.

Frontal recess cells

The fronto-ethmoidal cells, are cells located above Agger
Nasi. In functional endoscopic sinus surgery, it is essential to
comprehend these variances since they impact the likelihood
of complications and the operative outcome. To provide better
understanding of the morphology of frontoethmoidal cells and
their relationship to frontal recess, the International Frontal Sinus
classification (IFSC) was introduced. A study was conducted in
Mexico by Bravo-Arteaga et al. [18] SAFC (Supra- Agger Frontal

cell) had a prevalence of 7.88% [18]. In Vietnam, Luan V reported
SBFC (Supra-bullar frontal cell) in 4.3% patients [19], while a
study from Malaysia reported a prevalence of 53% [20].

According to Asian analysis, a mere prevalence of 5.4% of
SOEC (Supra-orbital ethmoid cell) was observed. [21]. In addition
to raising the possibility of orbital injury during surgery, the
presence of SOEC has been linked to orbital proptosis [9]. Our
study revealed the commonest cell type as Agger Nasi (73.0%),
followed by a Supra-bullar cell seen in 12.0%. SOEC was prevalent
in 3.0% of subjects.

Sphenoid sinus variation

Sphenoid sinus may show extension of pneumatisation
laterally to the pterygoids, and can involve the lesser and/or
greater wing of sphenoid. The sphenoid sinus was divided into
three categories by Hammer and Radberg. According to their
analysis, the sellar variant accounted for 85% of all instances,
making it the most prevalent pattern. The presellar and conchal
types accounted for 11% and 2.5% of cases, respectively [22]. In
the current study, the commonest type was pre-sellar, followed by
conchal type of pneumatisation.

Olfactory fossa

Variations in anatomy can occasionally lead a surgeon to
catastrophic outcomes. For instance, if low skull base is not
known pre-operatively it may lead to intra-cranial complications
post endoscopic surgery. In 1962, Keros classification was given
describing the depth olfactory fossa. The cribriform plate and
fovea ethmoidalis are taken into consideration. In type III (8-
16mm), the risk of injury to lateral lamella of cribriform plate with
subsequent CSF leak is the highest. According to Ali et al. [23] 79%
of patients had Keros II [23]. Nouraei et al. [2] reported 92% of
patients had Keros type 1 olfactory fossa [9]. In 2014, Al-AbriR et
al. 36% of patients had type III fossa [2]. In our study, Type I fossa
was seen in 90% of the study population, whereas, only 2.0%
subjects had type IlI fossa. The differences in race and ethnicity
may contribute to the observed gap.

There have been various discussions over the contribution
of these anatomical differences to the aetiology of chronic
rhinosinusitis. However, the discussions have been inconclusive.
In a study conducted in 2020, showed that anatomical variations
and symptom severity had a statistically significant relationship
[1]. However, according to reports of Asian researchers, no
correlation has been established between the two, nor have they
shown to worsen pre-existing rhino-sinusitis [24].
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Conclusion

Nose and PNS are well known for their complicated
anatomy and numerous variations. Modern imaging methods
allow for detection of anatomical differences in patients. Our
study concluded these various anatomical variations along
with their prevalence. These variations are said to play role in
symptomatology of patients having CRS. In our study the relation
of variations with disease symptomatology remains unclear [25].
This study’s shortcomings include its relatively small sample
size and most participants belonging to a single race. Variants in
different ethnic groups require further research. Nevertheless,
each variation must be considered individually, underscoring the
significance of preoperative imaging.
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